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ABSTRACT 
Objectives: 1) To determine the inter-rater reliability of tibial bone varus angle (TBVA) 
measurements; 2) To compare patient-reported outcomes after medial opening wedge 
high tibial osteotomy (HTO) in patients with congenital versus acquired varus. 
Methods: Two raters measured TBVA from preoperative whole-limb standing 
anteroposterior radiographs (n=74). Patients completed Knee Osteoarthritis Outcome 
Scores (KOOS) before and 5 years after surgery. The sample was first divided into two 
groups based on preoperative congenital (TBVA>5°) or acquired (TBVA≤5°) varus, then 
three groups based on tertiles for TBVA.  
Results: Intraclass correlation coefficients (ICC) suggested excellent inter-rater 
reliability (ICC2,1=0.78; ICC 2,2=0.88). Repeated measures analysis of variance suggested 
no significant difference in the increase in KOOS scores between groups. Although 
patients in the highest TBVA tertile had higher KOOS scores before and after surgery, 
increases were similar amongst groups. 
Conclusions: Improvements in patient-reported outcomes after medial opening wedge 
HTO are similar for patients with congenital and acquired varus. 
 
Key terms: tibial bone varus angle; tbva; knee; osteoarthritis; high tibial osteotomy; 
inter-rater reliability; patient reported outcomes 
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OPERATIONAL DEFINITIONS AND SHORT FORMS 
Varus – distal anatomical part (e.g. tibia) is deviated towards the midline of the body 
HTO – High Tibial Osteotomy; surgical procedure to treat pain associated primarily with 
unilateral knee osteoarthritis where proximal tibia is cut and shortened (closed) or 
lengthened (opened) to change knee alignment 
TBVA – Tibial bone Varus Angle; radiographic measurement to determine the presence 
of a constitutional/congenital varus of the knee; defined by the angle between the 
mechanical axis line of the tibia and a line from the centre of the tibial spine intersecting 
the midpoint of a line drawn across the closed/closing growth plate.  
OA- Osteoarthritis; degenerative arthritis affecting the whole joint, primarily characterized  
by loss of cartilage and degradation of bone.  
Osteophytes- also called ‘bone spurs’; bony projections formed along joint margins. An 
indication of OA. 
Sclerosis- hardening of tissues 
HKA – Hip-knee-ankle angle; medial (intercept) angle formed between the femoral 
mechanical axis and tibial mechanical axis. [180-MAA] 
FMA- Femoral Mechanical axis; line from the centre of the femoral head to the mid-
condylar point between cruciate ligaments  
TMA- Tibial Mechanical Axis; line from the centre of the tibial spines to the centre of the 
tibial plafond.  
  
x 
 
LDFA (FAA) – Lateral Distal Femoral Angle; lateral angle formed between the femoral 
joint line and the mechanical axis line of the femur. Also sometimes termed ‘femoral 
articular angle’ (FAA). 
MPTA (TAA) – Medial Proximal Tibial Angle; medial angle between the mechanical 
axis line of the tibia and the knee joint line. Also termed the tibial articular angle (TAA). 
JLCA- Joint Line Convergence angle; angle formed between transverse axis lines of the 
tibia (between two points on the most concave aspect of the medial and lateral tibial 
plateau) and transverse axis line of the femur (between two points on the most convex 
aspect of both distal femoral condyles, (in the frontal plane).  
MAA- Mechanical Axis Angle; included angle between the femoral and tibial mechanical 
axes.  
WLR- Whole Leg Radiograph; gold standard x-ray used to determine osteotomy 
correction width amongst other axial measures. 
TKA- Total Knee Arthroplasty; total joint replacement due to severe pain and stiffness 
usually caused by osteoarthritis in patients older than 60 years. 
WBL- Weight-Bearing Line; line from the centre of hip to the centre of the ankle.  
KAM- Knee Adduction Moment; an inward turning of the tibia about the knee joint in the 
frontal plane, causing compression of the medial knee compartment. 
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CHAPTER 1- Introduction  
1.1 Knee Osteoarthritis 
Arthritis is one of the leading causes of disability in Canada and globally (Badley, 
2005; Vos T et al., 2012). Osteoarthritis (OA) is a degenerative disease that increases in 
prevalence with age (Martin, 2010). Although the disease can affect those as young as 15 
years of age, the majority of those affected are between 45 to 75 years of age (Badley, 
2005). Of the more than 100 types of arthritis, OA is the most common degenerative 
disease (Martin, 1994). In 2010 alone, OA of the knee was found to affect as many as 
250,000 Canadians (Badley, 2005). Osteoarthritis of the knee contributes to 83% of the 
OA disease burden. It is ranked in the top 10 disorders contributing to the world’s disease 
burden and in the top three most prevalent musculoskeletal disorders (Vos T et al., 2012).  
Altman et al. (1986) define OA as a heterogeneous group of symptoms leading to 
signs of compromised joint integrity of the cartilage and underlying subchondral bone. 
Osteoarthritis causes the articular cartilage of the joint to erode, resulting in pain, swelling 
and dysfunction. The knee is the most commonly affected weight-bearing joint. Treatment 
depends on the stage of disease, as outlined by a radiological classification such as that of 
Kellgren and Lawrence (1957). If a patient has knee pain and osteophytes that are 
identified radiographically, the diagnosis of OA can be made with 88% sensitivity and 
93% specificity. Altman et al., (1986) identified two subset classifications of OA: 
idiopathic and secondary. Idiopathic involves no prior event or disease related to OA, and 
secondary involves known events associated with OA, such as prior trauma. The diagnosis 
of the disease can be made through radiographic as well as clinical symptomatic findings 
(Altman et al., 1986) (see Appendix Table 1). 
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1.2 High Tibial Osteotomy  
High tibial osteotomy (HTO) is a surgical realignment procedure used to treat patients 
with a variety of conditions, including mal-alignment with instability, arthritis, chondral 
allografts, or meniscal allografts (McNamara, Birmingham, Fowler, and Giffin 2013). It is 
a surgical treatment option for patients with OA located primarily in one compartment of 
the tibiofemoral joint (McNamara et al., 2013). In a neutrally aligned lower limb, the 
medial compartment of the knee typically bears 60% to 70% of force during gait (Halder 
et al., 2012). In the varus aligned knee, the force transmitted through the medial 
compartment is even greater, potentially to even 150% with a varus tilt of only 5 degrees 
(Halder et al., 2012) and increases the risk of OA progression (Sharma et al., 2013 and 
Sharma et al., 2010). Several risk factors for OA progression, including obesity, poor 
quadriceps strength, knee laxity, and OA stage are thought to be exacerbated by mal-
alignment, highlighting the importance of this construct (Hunter, Sharma & Skaife, 2009). 
The rationale behind HTO is to shift the weight bearing line (WBL) from the affected 
medial compartment toward the unaffected lateral compartment. This structural change is 
mechanical in nature and is intended to reduce the load on the OA affected compartment 
and thus prolong the integrity of the joint.  
The shift of the WBL is determined using anteroposterior (AP) whole-leg radiographs 
(WLR) and is planned by altering the mechanical axis angle (MAA Figure 20), the angle 
formed between the mechanical axes of the tibia and femur (Johnson et al., 1980). The 
correction is achieved by cutting and wedging the proximal tibia on either the medial 
(opening wedge) or lateral (closing wedge) side so that the WBL passes through the 
lateral, less affected compartment, approximately 62.5% across the width of the tibial 
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plateau, known as the ‘Fugisawa point’ (McNamara et al., 2013). Authors commonly note 
a desired slight over-correction (Johnson et al., 1980) by 3-to-5 degrees of valgus 
(Odenbring, Egund, Knutson, Lindstrand, & Larsen, 1990) (Virolainen & Aro, 2004); 
however, the desired postoperative valgus angle (tibiofemoral angle) varies considerably. 
For example, some authors suggest 7 degrees (Johnson, Leitl, & Waugh, 1980); 8-to-10 
degrees (Huang et al., 2005) (Sprenger & Doerzbacher, 2003); 5-to-14 degrees (Huang et 
al., 2005) (Virolainen & Aro, 2004) (Sprenger & Doerzbacher, 2003); and 8-to-16 
degrees, in order to expect 10-year joint survival (Sprenger & Doerzbacher, 2003). Both 
open and closed wedge methods show favourable 10-year survival rates, both averaging 
64% according to several studies reviewed by Wolcott et al. (2010). However, the closing 
wedge procedure involved technical concerns, including: the potential need for a fibular 
osteotomy or joint disruption of the proximal tibiofibular joint; disturbance of the 
anterolateral compartment; a more demanding TKA; bone stock loss; and the proximity of 
the peroneal nerve (McNamara et al., 2013). 
1.3 Tibial Bone Varus Angle 
The tibial bone varus angle (TBVA) describes the morphology of the proximal tibia 
and may be important in HTO (Figure 1.0). The TBVA determines the anatomic varus 
deformity of the proximal tibial metaphysis, which is the area of bone between the physeal 
plate and the diaphysis (Bonnin & Chambat, 2004). A tibial varus deformity is mostly in 
the range of the metaphysis, less in the diaphysis, and never high on the epiphysis. The 
TBVA helps to differentiate between a bony deformity of the proximal tibia and a 
secondary bony erosion of the medial tibiofemoral compartment affected by OA; it 
specifies the irregularity of the proximal tibia at the point of correction in the medial 
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opening wedge HTO (Niemeyer et al., 2010). The TBVA is determined on whole limb 
standing radiographs (WLR) and is the angle between two lines: one that extends from the 
centre of the tibial spine to a point mid-distance across the tibial physis (growth plate); and 
one that extends from the centre of the tibial spine to the middle of the tibial plafond 
(tibial mechanical axis) (van Raaij, Takacs, Reijman, & Verhaar, 2009). In adults, the 
closed growth plate should still be visible, and although curved, is drawn as a straight line 
connecting points on the medial and lateral borders of the growth plate (Bonnin & 
Chambat, 2004).  
Importantly, it has been suggested that patients with congenital (constitutional) bowing 
of the tibia may derive greater benefit from HTO than patients with acquired tibiofemoral 
varus due to bony erosion of an osteoarthritic medial compartment.  In the latter case, the 
surgery was suggested to be more palliative than curative, with results benefiting for a 
shorter time period (Bonnin & Chambat, 2004). Bonnin and Chambat (2004) 
recommended measuring the TBVA to distinguish congenital varus alignment from an 
acquired varus (Figure 1.0). They suggested using a TBVA of 5º as the minimal angle to 
consider the tibia congenital varus.  If the varus alignment was caused mainly from loss of 
medial tibiofemoral joint space, the TBVA should approximate 0° (acquired).  Jenny et al. 
(2005) evaluated the reliability of TBVA measurements in 15 subjects with healthy knees, 
along with several other measures first described by Lévigne et al. (1991). Intraclass 
correlation coefficients (ICC) suggested relatively poor intra-rater (ICC=0.62) and inter-
rater (ICC=0.41) reliability of TBVA measures. van Raaij et al. (2009) also reproduced 
similar TBVA reliability findings, citing intraobserver and interobserver reproducibility as 
r=0.52 and r= 0.52 respectively. 
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Fig 1.0 Tibial Bone Varus Angle (TBVA): The angle between a line from the centre of 
the tibial spines to a point mid-width the proximal tibia epiphyseal growth scar and the 
mechanical axis of the tibia 
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1.4 Rationale 
Given the substantial burden of knee OA, interventions aimed at limiting disease 
progression are paramount. Medial opening wedge HTO may limit disease progression 
on appropriately selected patients. Based on TBVA measures, there are limited data to 
suggest that patients with congenital varus are less likely than those with acquired varus 
to undergo total knee arthroplasty (TKA) within 10 years after HTO. However, the 
reliability of TBVA measures is unclear and the effects of congenital versus acquired 
varus on patient-reported outcomes after HTO are unknown.  
1.5 Objectives and Hypotheses 
1. To determine the inter-rater reliability of the radiographic tibial bone varus angle 
(TBVA) measurements. 
Hypothesis: There will be no significant difference between the two raters’ 
measures of TBVA. Intraclass correlation coefficients (ICC) will be >0.75.  
  
2. To investigate whether improvements in patient-reported outcomes after medial 
opening wedge HTO are different for patients with acquired versus congenital 
varus alignment of the tibia.  
Hypothesis: Patients with congenital varus will experience greater improvements 
in patient-reported outcomes than patients with acquired varus.  
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CHAPTER 2- REVIEW OF THE LITERATURE 
This chapter will provide an overview of HTO, including objectives of the surgery and 
factors proposed to affect outcomes. The TBVA will be discussed, as well as other 
radiographic and biomechanical measures that may affect outcomes after HTO, including 
the different methods for grading OA in the tibiofemoral and patellofemoral 
compartments. 
2.1 HTO aims 
Feeley, Gallo, Sherman, and Williams (2010) advocate for HTOs as a surgical 
treatment for several diseases in addition to medial knee OA, including osteonecrosis and 
osteochondritis dissecans, and used as an accessory to meniscal transplantation and 
chondral resurfacing. The fact that HTO is proposed as a joint-preserving surgery is an 
important factor to consider when deciding between it and other options such as total knee 
arthroplasty (TKA), or unicompartmental arthroplasty (UKA) (Bonnin, Laurent, Zadegan, 
Badget, Pooler, & Servien, 2011). Feeley, Gallo, Sherman, and Williams (2010) offer a 
treatment algorithm for those experiencing early OA; UKA is suggested for those with 
lower demands on their knees, and TKA is suggested for those with tricompartmental 
osteoarthritis. When a meniscal tear is involved, knee arthroscopy along with meniscus 
debridement is suggested. Where the arthritic knee is subject to high mechanical and load 
demands, an HTO is suggested. 
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2.2 Suggested reasons for poor outcomes after HTO  
There are several suggested reasons why an undesirable outcome may occur after 
HTO. Two most commonly suggested causes are the age of the patient and the length of 
time that has transpired since surgery (Spahn et al., 2011). Although a surgical correction 
may last greater than 20 years (Feeley et al., 2010), it will most likely lead to TKA if not 
preceded by patient death. Ideally, in active patients, body weight is not a concern; 
however, after surgery increased body mass does increase the risk of failure (Akizuki, 
Shibakawa, Takizawa, Yamazaki, & Horiuchi, 2008). In addition, under- or over-
correction of alignment may give unfavourable results in the long term (Wolcott, Traub, & 
Efird, 2010) with suggested correction margins between 5 to 13 degrees (Feeley et al., 
2010).  
Poor outcome may also be related to complications after surgery. These can 
include: infection; delayed union or non-union; neurovascular injuries to the peroneal 
nerve and popliteal artery (Gardiner, Gutierrez Sevilla, Steiner, Richmond, 2010); deep 
vein thrombosis (DVT); intra-articular fractures related to screw placement; and pain 
(Wolcott et al., 2010). Patellar tracking as well as patella infera and alta have been 
reported by Gardiner et al. (2010) as additional complications from HTO. Martin et al. 
(2012) identified factors for severe adverse outcomes as including: diabetes, active 
smoking, and noncompliance with protected weight bearing postoperatively. 
Another potential poor outcome, particularly in patients desiring to return to 
preoperative activity, is simply not achieving the same level of function in the short term. 
Bonnin et al. (2011) reported that only 56% were able to be as active as they were before 
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the intervention. Both Bonnin et al. (2011) and Masrouha, Sraj, Lakkis, and Saghieh 
(2010) suggest that a realistic and objective view of success cannot be the return to pre-
pathological activity level. This expectation seems to be more common in the younger age 
group, as is attaining full range of motion, and a cosmetic scar-free look, as reported by 
Masrouha et al. (2010). In regards to survival, Wolcott et al. (2010) cite that the 
probability for success increases for those under the age of 50 who have had preoperative 
knee flexion greater than 120 degrees. Gardiner et al. (2010) have also supported the 
finding that patient-related reasons for failure include range of motion of less than 100 to 
120 °, as well as a body mass index (BMI) greater than 27.5 kg/m2. Outcomes may also 
depend on whether one has a career as a laborer or suffered previous knee injuries 
requiring surgery. Masrouha et al. (2010) reported that HTO failure also resulted from the 
use of the Puddu plate, which is a type of fixation device, citing a complication rate as 
high as 43.6% and causing implant failure, infection, deep vein thrombosis, hematoma, 
and infraction of the lateral tibial head. Some studies (Wolcott et al., 2010) (van Raaij et 
al., 2009) (Sprenger & Doerzbacher, 2003) have cited TKA as a failure, however this is 
controversial since eventual TKA is expected in HTO patients (Gardiner et al., 2010) 
2.3 HTO Survival  
Establishing a balanced distribution of mechanical load across the tibiofemoral joint, 
and being able to accurately measure radiographic alignment and bony geometry are 
suggested to be imperative to surgical success of HTO (van Raaij et al., 2009). A good 
understanding of these factors is important to achieve optimal patient selection for surgery 
and to ensure maximal survival of the knee joint. With respect to HTO survival, authors 
have noted a 77% survival rate at 10 years (Van Raaij et al., 2009); 84% at 9.7 years 
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(Spahn et al., 2011); 91% after 5 to 8 years of follow-up (Spahn et al., 2011); and a 56% 
survival rate at fifteen years citing TKA as the endpoint (Sprenger & Doerzbacher, 2003). 
2.4 Malalignment and Radiographic Measures 
Malalignment may result from a traumatic event, genetics, or developmental 
changes; varus alignment in particular, places the knee at a greater risk of developing OA, 
specifically in the medial compartment (Sharma et al., 2010). Evaluating lower limb 
alignment on radiographs is essential in the planning of an HTO, as it aids in determining 
the size of correction. Brouwer, Jakma, Bierma-Zeinstra, Ginai, and Verhaar (2003) noted 
that using an anteroposterior (AP) weight-bearing whole-leg radiograph (WLR) is the gold 
standard for determining axial alignment in planning for knee osteotomies. In patients 
with OA, it gives a proper view of all weight-bearing joints of the lower limb (hip, knee, 
ankle). It is important to use x-rays that include all lower limb joints (Specogna et al., 
2007), as they allow for the measurement of the mechanical axis angle (figure 2.4) and 
weight-bearing lines (WBLs). High reliability values recorded when measuring the MAA 
(ICC 2,1 = 0.98; 95% CI= 0.97, 0.99) endorse it as the gold standard for determining lower 
limb alignment (Specogna et al., 2004). Sagittal MRIs may also be of use in order to show 
loss and degradation of the medial meniscus and cartilage (Feeley et al., 2010) (Specogna 
et al, 2007), as well as to assess involvement of the posterior tibial slope in the case of a 
concurrent ACL and/or PCL surgery (McNamara et al., 2013). 
The mechanical axis angle (MAA) (Figure 2.0) measured during single leg stance 
was believed to be a representation of the dynamic loading of the knee during walking; 
however, the use of this static measure to infer dynamic gait is somewhat questionable. 
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Cerejo and colleagues (2002) as well as Sharma and colleagues (2010), found that 
malalignment may play a critical role in disease incidence and progression. Sharma et al. 
(2010) found that knees in varus alignment (HKA less than 178°) were at higher odds for 
incident tibiofemoral OA as opposed to knees in valgus alignment (HKA greater than 
182°), as was radiographically graded using the Kellgren and Lawrence scale. Sharma et 
al. (2010) found the odds of medial knee OA progression to be significantly greater for 
varus aligned knees in men and women compared to valgus and neutral (as measured 
using OARSI  medial joint space narrowing).The MAA  differs from the hip-knee-ankle 
angle (HKA) (Figure 2.2b) in that the former is the angle formed between the mechanical 
axes of the tibia and femur and the latter is the angle formed by the intercept of the 
femoral and tibial mechanical axes (Iseki et al., 2008). Both relate to how loading of the 
knee joint is shared across knee compartments and are essential in pre-operative planning 
to determine the width of the osteotomy correction. It is also important to remain 
consistent in weight-bearing positions during imaging, as the MAA increases with 
increasing weight-bearing status (supine< double-limb< single-limb) (Specogna et al., 
2007).  In their 2009 study, Hunter, Sharma, and Skaife found there to be a fourfold 
increase in OA progression in the medial compartment in patients with varus alignment. 
While the biomechanically stressed compartment is at higher risk for OA, the opposite 
compartment is at a reduced risk. 
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Figure 2.0 The Mechanical Axis Angle, inclusive angle formed by a line connecting the 
centre of the hip to the centre of the knee, and a line connecting the centre of the ankle to 
the centre of the knee 
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2.5 Radiographic biomechanical contributors to varus alignment 
van Raaij and colleagues (2009) identified five different radiographic 
biomechanical measurements: TBVA (Figure 1.0); medial proximal tibial angle (MPTA) 
(Figure 2.1); joint line convergence angle (JLCA); hip knee ankle angle (HKA); and 
lateral distal femoral angle (LDFA) (Figure 2.2), as indicating sources of knee deformity 
that could potentially lead to HTO failure (conversion to TKA).  
14 
 
 
       Figure 2.1 Medial Proximal Tibial Angle, also known as Tibial Articular Angle  
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   a     b                c       
 
Figure 2.2: a) Joint line convergence angle (JLCA), angle between transverse axis lines 
of the femur and tibia b) Hip knee ankle angle (HKA) c) Lateral distal femoral angle 
(LDFA), also known as femoral articular Angle 
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In consideration of malalignment, it was determined that a JLCA angle greater 
than 3 degrees would be considered malaligned; (van Raaij et al., 2009) (Paley et al., 
1994) an MPTA of less than 85 degrees; an LDFA greater than 90 degrees (Paley et al., 
1994); TBVA greater than 5 degrees; and an HKA of less than 175 degrees. After 
analysing data using logistic regression, it was found that there was a six times greater risk 
of TKA in patients with a preoperative JLCA of greater than 3 degrees and a four times 
greater risk of conversion to arthroplasty in patients with an HKA of less than 175 
degrees. These results most likely are due to HKA having a direct relationship with OA 
grade and also higher knee adduction moment (KAM) in varus aligned knees, as the lines 
used in determining the hip knee ankle angle are the same as those to determine the 
mechanical axis angle. In addition, a JLCA greater than 3 degrees may represent the 
amount of medial joint space narrowing, ligamentous laxity on the lateral side, and 
subluxation of the tibia on the femur. This correlates with higher medial compartment OA, 
(van Raaij et al., 2009) as OA progression is known to be linked to HTO failure (Bonnin 
& Chambat, 2004) 
In their 2012 study, Issin et al. sought to evaluate different components of knee 
varus, paying particular attention to all bones and joints involved in knee alignment. The 
researchers radiographically assessed both operative and non-operative varus limbs of 164 
patients who had undergone unilateral HTO surgeries. According to Paley et al. (1994), 
five different angles, all quantifying biomechanical parameters about the femoral; tibial; 
and ankle bones, were measured. Correlations of each measurement with the mechanical 
axis angle (stated as the mTFA) were then tested. Patients were grouped into tertiles 
according to their MAA, and non-parametric tests were performed which resulted in 
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significant and strong correlations between the MPTA and MAA (r=0.640) when the 
LDFA was controlled for, as well as the LDFA and the MAA (r=0.571) while controlling 
for MPTA in the analysis. Once the correlations were established, the effects of LDFA and 
MPTA on MAA were sought through regression analysis. The MPTA identifies a 
constitutional deformity of the proximal tibia; however, because it includes measurements 
of the tibial plateau, is affected by bone and cartilage degeneration. The TBVA is an 
important measurement because it factors out the wear on the knee joint and can be a true 
indication of constitutional varus. The findings indicated that together, both measures 
contributed 52.2% to the variability in MAA. In addition, researchers found that the 
greater the varus difference between affected limb and unaffected limb, the greater the 
other measured angles changed. This finding confirmed the study’s hypothesis that the 
problem of varus is an entire lower limb joint problem, as it has effects on the hip, knee 
and ankle. In addition, Issin and colleagues (2012) reiterated that it was important to look 
at the problem of malalignment not just as a static problem evidenced through 
metaphyseal collapse, and cartilage degradation; however, also as a dynamic issue, evident 
through ligament laxity and the direct relationship between increased varus and an 
increased knee adduction moment about the knee during walking.  
2.6 Congenital and acquired varus 
In 2004, Bonnin and Chambat (2004) performed the first study investigating the use of 
the TBVA as a prognostic factor for valgus closing wedge HTO, utilizing the methods of 
Lévigne et al. (1991). Bonnin and Chambat (2004) presented clinical results favouring 
those with congenital (constitutional) bowing of the tibia at the 6-year follow-up mark. 
Post-operative correction angle was, however, determined to be the main factor 
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influencing the outcome of the study, in which a mechanical axis angle between 179-184° 
was found to be most desirable. The average TBVA in the study was 2.8° (acquired 
varus). In consideration of how the TBVA is related to the MAA, due to bowing of the 
proximal tibia itself, two individuals can have the same MAA but different TBVAs. 
Additional HTO prognostic factors indicated in Bonnin and Chambat’s paper included: 
error of correction; age; previous surgeries on the affected knee; pre-operative OA; and 
deformity in the medial knee. Body mass index was also a remarkable prognostic factor, 
as there was a 51% survival rate after surgery for overweight individuals in comparison 
to a 91% survival rate for those who were not overweight. 
van Raaij and colleagues (2009) analysed the influence of different radiographic 
indications of knee abnormalities on failure (conversion to TKA) 10 years following a 
closed wedge HTO. Of the five measures evaluated (Figures: 1.0; 2.2; and 2.1), including 
the TBVA, only the HKA and JLCA were found to be significant predictors of HTO 
conversion to arthroplasty. The average TBVA in that study was 6.7° (congenital)  
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2.7 Patellofemoral Compartment  
Patellofemoral OA presents with compartmental joint space narrowing (Nagaosa et 
al, 2000), sclerosis, attrition, osteophytes, and cysts (Jones et al., 1993). In their 1992 
paper, McAllindon, Snow, Cooper, and Dieppe found that the patello-femoral joint (PF) 
was a common source of knee pain and disability when co-existing with tibiofemoral OA 
as well as in isolation. They found that disease severity peaked on average before 70 years 
of age, and the incidence of the disease was higher in women than men (Nagaosa, Mateus, 
Hassan, Lanyon, & Doherty). Because OA in this compartment often coincides with OA 
in the tibiofemoral compartment, it is important to look at it as an additional variable that 
may play a role in the distinction between HTO successes between constitutional varus 
patients and acquired varus patients. It is also expected that subjects with both 
tibiofemoral and patellofemoral OA would have decreased function and increased 
symptoms when compared to patients with either one or the other (Englund & Lomander, 
2005). Assessment of the PF compartment is best achieved using a skyline (sunrise) view 
at 30° flexion although previously lateral flexion views have been employed (Spector et 
al., 1993). It is also possible to assess the joint in postero-anterior flexion weight-bearing 
views, and 45 degrees axial views (Becker, Ropke, Krull, Musahl, & Nebelung, 2008).  It 
was customary for orthopaedic surgeons in the present centre to use the skyline AP view 
at 30° flexion to determine the severity of OA in the knee joint, as findings are more 
reproducible. Specifically, the AP view at 30° is very sensitive when evaluating joint 
space narrowing (Jones et al., 1993). In Jones et al.’s 1993 paper, joint space narrowing, 
osteophytes, sclerosis and attrition were graded on a scale from “0” to “3”, where “0” 
indicated no changes and “1” to “3” indicated minimal, moderate and severe changes 
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respectively. In the present study, a line atlas produced by Nagaosa et al. (2000) was used 
to aid in the grading of the patellofemoral joint; however, attrition, and sclerosis were not 
scored. 
2.8 Tibiofemoral compartment: Kellgren & Lawrence and OARSI- Atlas 
compartment specific grades 
In 1986, Altman et al. devised a classification system for tibiofemoral knee OA 
using algorithms (classification trees). Prior to this classification, Kellgren & Lawrence 
(1957) had developed the first standardized method of radiographic osteoarthritis grading, 
giving special emphasis to the presence of osteophytes in addition to other features such as 
sclerosis. They did not include joint space narrowing, however. Grading ranged from 0 to 
4, where 0=none, 1=doubtful, 2 =minimal, 3=moderate, and 4=severe (Kellgren & 
Lawrence, 1957). In 1961, the classification system was adopted by the World Health 
Organization (Altman et al., 1986); however, there was considerable variability between 
observers using this scale (inter-rater reliability), and it was also relatively insensitive to 
change (Altman et al., 2007), thus not proving to be as accurate as hoped (Nagaosa, 
Mateus, Hassan, Lanyon, Doherty, 2000). Furthermore, the K-L grade was an overall 
rather than compartment-specific grade. Altman et al.’s improved system uses individual 
radiographic features in the tibiofemoral compartment including compartment-specific 
grading which incorporates joint space narrowing into the assessment, as well as a skyline 
view—this proved to be more sensitive. In addition, a firm and standardized definition of 
OA was agreed upon in order to maintain consistency in OA reporting (Altman et al., 
1986) (see Appendix Table 1). Instead of simply reporting radiographic abnormalities, this 
new classification system incorporated medical history and laboratory examination (i.e. 
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pain, crepitus, tenderness of bony margins, bony enlargement etc.) into its classifications 
(Altman et al., 1986). In 1995, an atlas of individual radiographic features in osteoarthritis 
was developed by Altman, Hochberg , Murphy, Wolfe, and Lequesne, and was adopted by 
the OARSI (Osteoarthritis Research Society International) in 1996.  A revision was made 
in 2007 by Altman and Gold with better quality images.  
There have also been modifications to this atlas such as one by Nagaosa et al., 
(2000) constructed using line drawings as opposed to radiographs. It has been tested to 
have similar intra and inter-observer reproducibility compared to Altman et al.’s (1995) 
atlas. Although there is some discordance between the two atlases, observers find Nagaosa 
et al.’s version preferable, quicker, and easier to use. A radiographic atlas of osteoarthritis 
was also made in 1995 by Burnett et al., to include OA grading of the PF compartment.  
The current grading system for the tibiofemoral compartment is based on whether 
an abnormality is present or absent, as well as the ‘degree of change’ from normal. It is 
sequenced 0 through 3. Zero (0) indicates normal, 1= mild, 2 = moderate change, and 3+ = 
severe change.  Marginal osteophytes are graded separately on the medial and lateral 
femoral condyles as well as on the medial and lateral tibial plateaus. Joint space narrowing 
is graded on the medial and lateral knee compartments. Medial tibial attrition (wearing, 
grinding or rubbing together) and medial tibial sclerosis (tissue hardening) as well as 
lateral femoral sclerosis are marked as present or absent (Altman et al., 2007) 
The features graded in the PF compartment and therefore most important in this 
study include: medial and lateral joint space narrowing; and medial and lateral joint 
margin osteophytes (Atlman et al., 1995). Due to poor image quality of the PF OARSI 
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atlas, it was determined that it may compromise the integrity of grading and therefore the 
line atlas (Nagaosa, et al., 2000) was solely used. It was found to be most similar to 
Altman et al.’s.  
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CHAPTER 3- METHODS 
3.1 Study design 
This retrospective study evaluated radiographs and patient-reported outcomes that 
were previously obtained for an observational cohort study of medial opening wedge 
HTO. To address the present study’s objectives, we included all patients with preoperative 
radiographs, and who had preoperative and 5-year postoperative patient-reported data. 
Inclusion criteria were diagnosis of knee OA of the medial compartment based on Altman 
et al.’s (1986) criteria (see Appendix  Table 1) for which a medial opening wedge HTO 
was performed. Patients with a previous contra-lateral HTO were excluded. 
3.2 Radiographic Assessment 
 Standing whole-limb AP radiographs (WLRs) were obtained from a hospital database. 
Patients stood with their patella centred over the femoral condyles and feet facing forward. 
The x-ray beam was directed a distance of 2.5 meters from the knee centre. Radiographs 
were assessed using custom computerized software (HTO Pro, Fowler Kennedy Sport 
Medicine Clinic, London Ontario, Canada). This software allows assessment of several 
radiographic biomechanical parameters identified on digital radiographs. Parameters used 
to quantify malalignment and OA severity in the present study included: the mechanical 
axis angle (Figure 2.0); medial and lateral joint space narrowing; joint line convergence 
angle (Figure 2.2a); tibial articular angle (Figure 2.1); femoral articular angle (Figure 
2.2c); and tibial bone varus angle (TBVA) (Figure 1.0). The TBVA was used to define 
congenital (constitutional) varus of the proximal tibia at the point of correction in an HTO. 
The TBVA was defined as the angle between a line drawn from the centre of the knee to 
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the centre of the ankle, and a line drawn from the centre of the knee through a point 
midway across the tibial growth plate. Two graders completed all measures. Tibiofemoral 
OA grades were measured using the OARSI atlas (Altman et al., 2007) and Kellgren and 
Lawrence atlas. Patellofemoral OA was graded from skyline images using a line drawing 
atlas developed by Nagaosa and colleagues (2000). The first rater was the primary author, 
and the second rater was an orthopedic surgeon. Raters were trained to use the HTO Pro 
software through tutorials involving an orthopaedic surgeon, a medical student, 
orthopaedic research assistant, and another graduate student – all with extensive 
experience reading radiographs, or using the software. A step by step approach was used 
to explain how to assess each radiograph, paying particular attention to bony landmarks 
and accuracy of dot placement.  Several radiographs were independently evaluated by each 
rater to practice grading techniques using the software. Any discrepancies in technique were 
explained and clarified in a second tutorial. Prior to beginning the assessments, each rater 
was given a compilation summary document to aid in the systematic and accurate grading 
of all measures. This document outlined the methods for assessing each measurement 
using screen captures for each step, and offered original atlases of individual radiographic 
features in knee OA based on articles by Kellgren and Lawrence (1957), Altman et al. 
(2007), and Nagosa et al. (2000).  Discrepancies between ordinal gradings of both raters 
were settled by a third rater. Averages between raters for continuous measures were used 
for statistical analysis. 
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3.3 Patient-Reported Measures 
The Knee Injury and Osteoarthritis Outcome Score (KOOS) was used to quantify 
patient-reported outcomes. It is a 42-item knee questionnaire with five response options 
per question to quantify knee symptoms and function. This is achieved by evaluating 
domains including: pain (9 items), other symptoms (7 items), function during activities of 
daily living (17 items), function during sports and recreational activities (5 items), and 
quality of life relating to the knee (4 items). Domain scores depict the mean of all items 
standardized within the domain, to a score of 0-100, where zero equals worst and 100 
equals the best outcome. The KOOS has demonstrated face validity, construct validity, 
and is highly responsiveness to change after HTO. It also scores high on test-retest 
reliability for each domain (range 0.75-0.93) (Roos et al., 1998) as well as responsiveness 
to change (Roos et al., 1998). 
3.4 Statistical Analysis 
Objective 1 
Inter-rater reliability of TBVA measures was first inspected visually using a simple 
scatterplot to observe correlations between TBVA measurements. A Bland and Altman 
plot (Bland & Altman, 1986) was constructed in order to look at agreement between 
TBVA measurements. A Bland and Altman plot is a method for assessing agreement 
between two methods of clinical measurement, in this case comparing TBVA 
measurements between raters. The y-axis indicates the difference between measures, while 
the x-axis displays the mean of the two measures. A paired t-test was used to compare the 
mean of TBVA measurements between the two raters against the null hypothesis, then 
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reliability intraclass correlation coefficients were calculated. The ICC (2,1) was used to 
evaluate the reliability of a single rater’s measure, whereas the ICC (2,2) was used to 
evaluate the reliability of the average of the two raters. These were interpreted as follows: 
excellent (0.75-1.0), modest (0.4-0.74), or poor (0-0.39) (Portney & Watkins, 2000, p.65) 
  
Objective 2 
Patients were first categorized into one of two groups: patients with TBVA >5° were 
considered to have congenital varus, while those with TBVA ≤5° were considered to have 
acquired varus. Patients were also categorized into one of three groups according to 
TBVA tertiles for the sample. A two-factor repeated measures analysis of variance 
(ANOVA) then tested whether the change in KOOS score following surgery (within-
subjects factor: time) was different between those with congenital versus acquired varus 
(between-subjects factor: group). The KOOS pain domain was considered the primary 
outcome. The ANOVA was repeated for the other KOOS domains which were considered 
secondary outcomes. The ANOVA was first completed using the two TBVA groups, and 
then repeated using the three TBVA groups.   
Statistical significance was at p ≤0.05 for all analyses. Statistical analyses were 
performed using the Statistical Package on Oracle Secure Global Desktop (Version 20, 
2011, IBM SPSS Statistics). 
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CHAPTER 4 - RESULTS 
4.1 Patient Demographic and Clinical Characteristics 
Seventy-four patients (63 male, 11 female) were included. Table 4.1a shows the 
preoperative demographics and clinical characteristics of the complete sample. The 
patients were predominantly male (85%), as is the trend in the population of patients 
undergoing HTOs (McNamara et al., 2013). Subjects were also overweight (nearly obese), 
highlighting one of the important prognostic factors for OA progression and a mitigating 
factor to HTO success (Feeley et al., 2010) (Koonce & Bravman, 2013). Additionally, 
patients were young on average (45 years). In regards to the severity of osteoarthritis 
(Table 4.1b), a spread exists between grades 0 and 3 for OARSI grades, as well as for 
Kellgren and Lawrence grades, with few patients having OA severity of 4. Medial tibial 
attrition and lateral femoral sclerosis were absent for the majority; however, medial tibial 
sclerosis was widely present 
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Table 4.1a: Baseline demographic and clinical characteristics (n=74) 
 Value 
Body Mass Index, kg/m2 28.9± 4.4 
Number of Males (%) 63 (85%) 
Height, meters 1.75±0.09 
Mass, kg 88.9±16.1 
Age, years 45.4±8.6 
Tibial Bone Varus Angle, degrees 7.4±3.5 
Mechanical Axis Angle, degrees -8.2±3.6 
Tibial Articular Angle, degrees 84.7±2.4 
Femoral Articular Angle, degrees 89.0±2.6 
Joint Line Convergence Angle, degrees 3.9±2.5 
Size of correction, mm 11.5±3.1 
Medial Joint Space Width, mm 3.0±1.6 
*Values are the mean ± SD unless stated otherwise 
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Table 4.1b: Osteoarthritis severity grades (n=74) 
  
OARSI Atlas- Tibiofemoral Grade 0 Grade 1 Grade 2 Grade 3 
Medial femoral osteophyte 19 (25.3) 33 (44) 13 (17.3) 9 (12) 
Medial tibial osteophyte 25 (33.3) 32 (42.7) 14 (18.7) 3 (4) 
Lateral femoral osteophyte 25 (33.3) 29 (38.7) 17 (22.7) 3 (4) 
Lateral tibial osteophyte 30 (40) 34 (45.3) 10 (13.3) 0  
Medial tf narrowing 4 (5.3) 29 (38.7) 28 (37.3) 13 (17.3) 
Lateral tf narrowing 61 (81.3) 13 (17.3) 0 (0) 0 (0) 
     
 Absent Present   
Medial tibial attrition 57 (76) 17 (22.7)   
Medial tibial sclerosis 5 (6.7) 69 (92)   
Lateral femoral sclerosis 59 (78.7) 15 (20)   
     
Line drawing Atlas- patellofemoral (n=41) Grade 0 Grade 1 Grade 2 Grade 3 
Lateral pf narrowing 14 (18.9) 14 (18.9) 9 (12.2) 4 (5.4) 
Medial pf narrowing 18 (24) 10 (13.3) 10 (13.3) 3 (13.3) 
Osteophytes in all pf sites 12 (16) 12 (16) 12 (16) 5 (6.7) 
Medial trochlear osteophyte 12 (16) 11 (14.7) 7 (9.3) 11 (14.7) 
Kellgren and Lawrence grades 
Grade Frequency 
1 20 (27) 
2 25 (34) 
3 21(28) 
4 8 (11) 
*pf=patellofemoral, tf=tibiofemoral,  Data are presented as frequency (% ) 
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4.2 Baseline Demographic and Clinical Characteristics for Patients with Congenital 
versus Acquired Varus 
Tables 4.2a and b show the baseline clinical and demographic characteristics for 
the two patient groups defined by having a TBVA of >5° or ≤5°. Approximately one fifth 
of the patients were defined as having an acquired varus of the tibia. This group had 
slightly less males (p < 0.05). Although not statistically significant, medial joint space 
width and mass were also larger in this group. Otherwise, the two groups had similar 
characteristics. Figure 4.1 illustrates a box and whisker plot of the TBVA for both groups. 
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Table 4.2a: Baseline demographic and clinical characteristics for patients with 
acquired  and congenital  varus 
 Acquired (n=15) Congenital (n=59) 
Body Mass Index, kg/m2 28.6±4.5 29.0 ± 4.4 
Number of males (%) 11 (73) 52 (88) 
Height, meters 1.80±0.06 1.74±0.09 
Mass, kg 93.0.0±14.6 87.8±16.4 
Age, years 43.8±8.9 45.6±8.8 
Tibial Bone Varus Angle, 
degrees 
2.6±1.3 8.7±2.8 
Mechanical Axis Angle, degrees 
-7.1±2.0 -8.5±3.6 
Tibial Articular Angle 86.1±2.7 84.3±2.11 
Femoral Articular Angle, 
degrees 
89.0±2.4 89.1±2.7 
Joint Line Convergence Angle, 
degrees 
-4.2±2.3 
-3.8±2.5 
Medial Joint Space Width, mm 3.7±2.2 2.9±1.4 
Size of correction, mm 11.1±2.9 11.7±3.0 
*Values are the mean ± SD, Congenital: TBVA of  > 5, Acquired: TBVA ≤ 5 
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Table 4.2b. Baseline OA severity grades for patients with acquired and congenital varus.  
 
Acquired (n=15) 
 
Congenital (n=59) 
 
OARSI Atlas- 
Tibiofemoral Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3 
Medial f. osteophyte 4 (26.7) 5 (13.3) 5 (33.3) 1 (6.7) 15 (25.4) 28 (47.5) 8 (13.6) 8 (13.6) 
Medial t. osteophyte 6 (40) 5 (33.3) 3 (20) 1 (6.7) 19 (32.2) 27 (45.8) 11 (18.6) 2 (3.4) 
Lateral f. osteophyte 6 (40) 7 (46.7) 2 (13.3) 0 19 (32.2) 22 (37.3) 15 (25.4) 3 (5.1) 
Lateral t. osteophyte 7 (46.7) 5 (33.3) 3 (20) 0 23 (39) 29 (49.2) 7 (11.9) 0 (0) 
Medial narrowing 0 (0) 8 (53.3) 5 (33.3) 2 (13.3) 4 (6.8) 21 (35.6) 23 (39.0) 11 (18.6) 
Lateral narrowing 15 (100) 0 0 0 46 (78) 13 (22) 0 0 
         
 Absent Present   Absent Present   
Medial tibial attrition 10 (66.7) 5 (33.3)   47 (79.7) 12 (20.3)   
Medial tibial sclerosis 4 (26.7) 11 (73.7)   3 (5.1) 56 (94.9)   
Lateral femoral 
sclerosis 10 (66.7) 5 (33.3)   49 (83.1) 10 (16.9)   
Line drawing Atlas- Patellofemoral 
 
Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3 
Lateral pf narrowing 5 (33.3) 4 (26.7) 2 (13.3) 1 (6.7) 9 (15.3) 10 (16.9) 7 (11.9) 3 (5.1) 
Medial pf narrowing 5 (33.3) 3 (20) 2 (13.3) 2 (13.3) 13 (22) 7 (11.9) 8 (13.6) 1 (1.7) 
Osteophytes in all pf 
sites 2 (13.3) 5 (33.3) 4 (26.7) 1 (6.7) 10 (16.9) 7 (11.9) 8 (13.6) 4 (6.8) 
Medial trochlear 
osteophyte 3 (20) 3 (20) 3 (20) 3 (20) 9 (15.3) 8 (13.6) 4 (6.8) 8 (13.6) 
Data are presented as frequency (%)
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Table 4.2c.Baseline Kellgren and Lawrence grades for patients with acquired and 
congenital varus.   
Grade Acquired (n=14) 
 
Congenital (n=54) 
 
1 4 (26.7) 15 (25.4) 
2 6 (40) 18 (30.5) 
3 4 (26.7) 16 (27.1) 
4 1 (6.7) 7 (11.9) 
 pf=patellofemoral, tf=tibiofemoral; Data are presented as frequency (%)  
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4.3 Clinical characteristics for tertile Groups 
Tables 4.3a and b show baseline clinical and demographic characteristics for 
patient groups defined by TBVA tertile. Figure 4.2 shows box and whisker plots of 
TBVA for each tertile. Groups were very similar on all measures. 
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Table 4.3a: Demographic and clinical characteristics for patients in each tertile for Tibial Bone Varus Angle  
 Tertile 1 (acquired, n=26) Tertile 2 (mixed, n=26)  Tertile 3 (congenital, n=24) 
Body Mass Index, kg/m2 28.6±4.1 28.7±5.4 29.6±3.6 
Number of males (%) 22 (85) 19 (79) 22 (92) 
Height, meters 1.78±0.08 1.73±0.09 1.74±0.09 
Mass, kg 90.3±15.8 88.3±16.6 87.9±16.45 
Age, years 45.2±8.1 45.0±9.3 45.5±9.3 
Tibial Bone Varus Angle, degrees 3.7±1.7 7.3±0.7 11.5±2.1 
Mechanical Axis Angle, degrees 
-7.7±2.5 -8.5±3.9 -8.5±3.7 
Tibial Articular Angle 85.7±2.6 84.6±2.1 83.8±1.9 
Femoral Articular Angle, degrees 89.1±2.5 89.3±3.5 88.7±1.7 
Joint Line Convergence Angle, degrees 4.3±2.2 3.8±2.6 3.6±2.6 
Medial Joint Space Width 3.3±2.0 3.0±1.6 3.1±1.3 
Size of correction, mm 11.3±2.7 11.5±3.4 12.0±3.0 
*Values are the mean ± SD,   
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Table 4.3b: Baseline OA grades for patients in each tertile for Tibial Bone Varus Angle 
OARSI Atlas- 
Tibiofemoral 
Tertile 1 (Acquired n=23) 
 
Tertile 2 (Mixed n=23) 
 
Tertile 3 (Congenital n=22) 
 
Grades 0 1 2 3 0 1 2 3 0 1 2 3 
Medial f. osteophyte 4 (15.4) 13 (50) 8 (30.8) 1(3/8) 11 (45.8) 7 (29.2) 2 (8.3) 4 (16.7) 4 (16.7) 13 (54.2) 3 (12.5) 4 (16.7) 
Medial t. osteophyte 10 (38.5) 9 (34.6) 5 (19.2) 2 (7.7) 10 (41.7) 11 (45.8) 3 (12.5) 0 5 (20.8) 12 (50) 6 (25) 1 (4.2) 
Lateral f. osteophyte 8 (30.8) 11 (42.3) 6 (23.1) 1 (3.8) 10 (41.7) 10 (41.7) 4 (16.7) 0 7 (29.2) 8 (33.3) 7 (29.2) 2 (8.3) 
Lateral t. osteophyte 13 (50) 8 (30.8) 5 (19.2) 0 10 (41.7) 11 (45.8) 3 (12.5) 0 7 (29.2) 15 (62.5) 2 (8.3) 0 
Medial tf narrowing 
2 (7.7) 10 (38.5) 11 
(42.3) 
3 
(11.5) 
1 (4.2) 10 (41.7) 9 (37.5) 4 (16.7) 1 94.2) 9 (37.5) 8 (33.3) 6 (25) 
Lateral tf narrowing 24 (92.3) 2 (7.7) 0 0 19 (79.2) 5 (20.8) 0 0 18 (75) 6 (25) 0 0 
 Absent Present   Absent Present   Absent Present   
Medial t.attrition 19 (73.1) 7 (26.9)   17 (70.8) 7 (29.2)   21 (87.5) 3 (12.5)   
Medial t. sclerosis 4 (15.3) 22 (84.6)   1 (4.2) 23 (95.8)   2 (8.3) 22 (91.7)   
Lateral f. sclerosis 19 (73.1) 7 (26.9)   19 (79.2) 5 (20.8)   21 (87.5) 3 (12.5)   
Line drawing Atlas- patellofemoral 
Grades 0 1 2 3 0 1 2 3 0 1 2 3 
Lateral narrowing 5 (19.2) 6 (23.1) 2 (7.7) 3 (11.5) 5 (20.8) 
 
4 (16.7) 4 (16.7) 0 4 (16.7) 4 (16.7) 3 (12.5) 1 (4.2) 
Medial narrowing 6 (23.1) 4 (15.4) 4 (15.4) 2 (7.7) 6 (25) 3 (12.5) 3 (12.5) 1 (4.2) 6 (25) 3 (12.5) 3 (12.5) 0 
Osteophytes  2 (7.7) 7 (26.9) 5 (19.2) 2 (7.7) 6 (25) 2 (8.3) 4 (16.7) 1 (4.2) 4 (16.7) 3 (12.5) 3 (8.3) 2 (8.3) 
Medial tr.osteophyte 3 (11.5) 5 (19.2) 3 (11.5) 5 (19.2) 5 (20.8) 3 (12.5) 2 (8.3) 3 (12.5) 4 (16.7) 3 (12.5) 2 (8.3) 3 (12.5) 
t.= tibial f.= femoral, tf = tibiofemoral, tr.= trochlear.  Data are presented as frequency (%) 
38 
 
 
 
  
Table 4.3c. Kellgren and Lawrence grades for patients in each tertile for Tibial Bone 
Varus Angle 
Grade Tertile 1 
(Acquired n=23) 
Frequency (%) 
Tertile 2 
(Mixed n=23) 
Frequency (%) 
Tertile 3 
(Congenital n=22) 
Frequency (%) 
1 9 (23.1) 6 (25) 7 (29.2) 
2 9 (34.6) 10 (41.7) 5 (20.8) 
3 9 (34.6) 5 (20.8) 6 (25) 
4 1 (3.8) 3 (12.5) 4 (16.7) 
Data are presented as frequency (%)  
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4.4 Objective 1 
There was no significant difference between the two raters in their TBVA 
measurements (p=0.085). The scatter plot and the Bland and Altman plot show good 
association and agreement, respectively, with no obvious strong biases (Figures 4.3 and 
4.4) (Bland & Altman, 1986). Differences between raters were within 2 standard 
deviations (-5.4 – 4.4) with the exception of three patients. The mean of the differences of 
-0.50 degrees implies a very slight systematic difference in measuring the TBVA, where 
rater 1 tended to measure the TBVA to be slightly smaller on average than rater 2. Inter-
rater reliability was excellent for measurements based on a single rater’s score, and 
especially for measurements based on the average of raters’ scores (Table 4.4).  
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Table 4.4: Intraclass correlation coefficients (ICC) for inter-rater 
reliability of TBVA measures 
ICC (2,1) (single rater)      0.78     (0.67-0.86) 
ICC (2,2) (average of raters)            0.88     (0.80-0.92) 
 (95% confidence interval) 
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4.5 Objective 2 
 When comparing change in KOOS pain scores for patients with congenital versus 
acquired varus, the ANOVA indicated a significant main effect for time, but no 
significant main effect for group  and no significant time by group interaction (Figure 4.5, 
Table 4.7). In other words, both groups improved significantly after surgery by similar 
amounts. Results were consistent for each of the KOOS domains. Mean changes for all 
KOOS domains are presented in Table 4.5. 
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Table 4.5 Summary of change in KOOS scores between baseline and 60 months after 
surgery for patients with acquired and congenital varus 
 Acquired (n=13) Congenital (n=53) 
 Pre-HTO 60 months 
Post-HTO 
Pre-HTO 60 months post-
HTO 
Pain Score 52.4±21.8 66.3 ±25.1 57.1±19.5 74.7±17.6 
Symptom Score 52.2±19.8 64.5±22.7 57.54±18.4 71.7±14.3 
Function and 
Activities of Daily 
Living 
59.5±22.1 76.4±24.2 66.0±19.8 81.99±16.5 
Sport and Recreation 31.2±25.8 50.0±29.7 33.9±23.8 51.3±25.4 
Quality of Life 21.2±18.1 45.5±28.4 26.1±15.0 55.7±21.3 
Mean score ± Standard Deviation 
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Table 4.6 gives a summary of mean KOOS scores for all five domains between 
baseline and 5 years after HTO for each tertile. Figure 4.6 depicts the mean KOOS 
change over time for the KOOS Pain domain. When comparing change in KOOS pain 
scores for patients in each of the TBVA tertiles, the ANOVA indicated a significant main 
effect for time, a significant main effect for group, but no significant time by group 
interaction (Table 4.7). This finding was also observed for the domains of Function and 
Activities of Daily Living, and for Quality of Life (Table 4.7).  
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Table 4.6 Summary of change in KOOS  between baseline and 60 months after surgery for patients in each tertile for Tibial Bone 
Varus Angle 
 Tertile 1 (n=21) Tertile 2 (n=23) Tertile 3 (n=22) 
 Pre-HTO 60 months Post 
HTO 
Pre-HTO 60 months Post 
HTO 
Pre-HTO 60 months Post 
HTO 
Pain Score 54.9±21.7 73.6±22.8 51.6±18.6 64.5±19.3 62.1±18.8 81.2±11.0 
Symptom Score 56.8±21.1 71.4±21.0 52.5±17.8 64.4±15.2 60.4±16.8 75.0±9.9 
Function and Activities of Daily 
living 
61.0±21.9 82.1±20.7 60.7±19.9 72.7±18.4 72.5±17.5 88.0±11.7 
Sport and Recreation 31.9±25.1 55.4±26.2 29.6±24.4 39.6±29.5 38.6±22.6 58.4±17.8 
Quality of Life 26.19±17.1 55.4±27.0 19.6±15.8 45.4±23.1 29.8±12.8 60.2±15.9 
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Table 4.7: ANOVA summary results for the effect of TBVA  on change in KOOS 
scores after HTO 
 Time Main 
effect 
Group main effect  Interaction effect 
Acquired vs Congenital 
Varus 
   
Pain Score p ≤ 0.001            p =0.16 p =0.46 
Symptom Score p ≤ 0.001            p =0.12 p =0.62 
Function and Activities 
of Daily Living 
p ≤ 0.001            p =0.20 p =0.96 
Sport and Recreation p ≤ 0.001            p =0.74 p =0.90 
Quality of Life p ≤ 0.001            p =0.11 p =0.34 
TBVA Tertiles    
Pain Score p ≤ 0.001 p =0.02* p =0.63 
Symptom Score p ≤ 0.001 p =0.096 p =0.91 
Function and Activities 
of Daily Living 
p ≤ 0.001 p =0.01* p =0.46 
Sport and Recreation p ≤ 0.001          p =0.09 p =0.33 
Quality of Life p ≤ 0.001 p =0.03* p =0.77 
* Significant at the p <0.05 level 
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Post-hoc pairwise comparisons indicated that patients in the highest TBVA (most 
congenital) had a significantly greater mean KOOS pain score when compared to patients 
in the middle tertile (Table 4.8). This finding was consistent across all KOOS domains.   
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Table 4.8: Summary of pairwise comparisons for main effects between tertiles 
 Tertile Groups 
 1 vs. 2 1 vs. 3 2 vs. 3 
Domain Score 
   
Pain  p=0.27 p=0.09 p=0.01* 
Symptom  p=0.25 p=0.32 p=0.03* 
Function and ADL p=0.36   p=0.05* p=0.00* 
Sport and Recreation p=0.20 p=0.34 p=0.03* 
Quality of Life p=0.14 p=0.26 p=0.01* 
*significant at p < 0.05 level  
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CHAPTER 5- DISCUSSION 
This study provides some of the first clinically relevant data focused on the 
TBVA as a reliable measure and potential prognostic tool for HTO. The results for 
Objective 1 are consistent with the hypothesis and suggest excellent agreement between 
raters (Table 4.4). This study is only the third study to measure the inter-rater reliability of 
the TBVA. In 2005, Jenny and colleagues measured the TBVA using the same Lévigne 
technique for 25 subjects and found only moderate reliability. Potential reasons for the 
different findings may relate to the different samples, or to the different measurement 
techniques. Importantly, this is the first TBVA study to use digital radiographs and 
computer software to measure varus alignment. Excellent reliability for the TBVA using 
whole-limb standing digital radiographs and software is consistent with previous findings 
for other measures of alignment (Specogna et al., 2004).  
For Objective 2, the present findings are inconsistent with the hypothesis. Patients 
with a congenital tibial varus did not have greater change in KOOS scores five years after 
surgery than patients with acquired tibial varus. Patients were initially allocated to groups 
based on a cut point of 5 degrees as proposed previously by others (Bonnin & Chambat, 
2004; van Raaij et al., 2009). Upon splitting the sample into tertiles based on TBVA 
(with cut points of 6.05 degrees and 8.55 degrees), results were slightly different. 
Although the increase in KOOS scores was similar for the three groups, patients with 
greatest (congenital) TBVA had greater scores before and after surgery.  A surprising 
finding is that upon reviewing pair-wise comparisons between the three groups, it was the 
mixed and congenital groups, as opposed to the acquired and congenital groups, that were 
found to show the greatest difference in KOOS scores (Table 4.7). This may infer that 
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there were other variables that were different between these groups that influenced 
outcome. Future studies should attempt to identify those variables. 
van Raaij and colleagues (2009), and Bonnin and colleagues (2004) previously 
evaluated the TBVA as a potential prognostic tool for HTO. The present study is different 
from prior studies because it focused on patient-reported outcomes (KOOS) as opposed 
to conversion to TKA. Reporting patient-reported outcomes may be more relevant to the 
patient, given the goals of HTO related to improving patient symptoms.  High tibial 
osteotomy is indicated for people who are relatively young (under 60) (McNamara et al., 
2013) and who wish to remain active, including participation in high impact activities 
(Feeley et al., 2010). For these reasons, patient-reported outcomes may be a better way of 
evaluating HTO than conversion to TKA. 
Future Work 
 Although the present study focused on the TBVA, several other measures of 
radiographic alignment and disease severity were measured. Future research should also 
evaluate the reliability and potential prognostic value of those measures. The potential 
interaction among several of these variables requires further research involving a greater 
number of patients and multivariate statistical analyses. Future studies may also benefit 
from evaluating other patient characteristics, including concomitant injuries (ACL tears) 
(Feeley et al., 2010); significant lateral compartment knee OA; age >60 (McNamara et 
al., 2013); obesity, patellofemoral OA; and multiligamentous instability (Feeley et al., 
2010). 
The primary limitation in this study is the low sample size for patients with 
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acquired varus. With increased patient numbers, it will be possible to control for other 
factors that might contribute to differences in outcomes between those with congenital 
versus acquired varus. For example, differences in body mass, sex and accuracy of 
correction may all influence outcomes, but the present sample size is too low to 
confidently control for these factors. Strengths of this study include the evaluation of 
reliability of the TBVA and the exploration of different cut points in defining a 
congenital versus acquired proximal tibial varus. The use of patient-reported outcome 
measures and computer software for radiographic measurements are additional strengths. 
Therefore, this study provides a foundation for future research exploring the reliability 
and prognostic value of variables pertaining to HTO planning and prognosis.  
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CHAPTER 6-CONCLUSION 
The present findings suggest that the Lévigne technique using digital radiographs 
and computer software provides a reliable method for measuring the TBVA. The present 
findings also suggest that there are no significant differences in the improvement of 
KOOS scores between baseline and 60 months after surgery when comparing patients 
with congenital versus acquired varus. Patients with the greatest congenital varus have 
greater KOOS scores before and after surgery. Future research should continue to 
evaluate the effect of congenital versus acquired varus, while incorporating various cut-
points and other potentially influential factors.   
. 
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Table 1: Classifications for Subsets of osteoarthritis and Diagnostic determinants 
I. Idiopathic Medical History 
A. Localized - Demographic data (Age, race, sex) 
- Medial compartment - Remote history (Previous diagnosis of OA) 
- Lateral compartment - History of significant trauma 
- patellofemoral compartment, 
chondromalacia 
Joint distribution 
II. Secondary -Affected knee 
A. Post-traumatic 
B. Congenital or developmental diseases 
  1. Localized 
- mechanical and local factors (e.g., obesity, 
- bilateral symptoms 
- Symptoms in other joints 
Pain characteristics 
- sudden onset 
unequal lower extremity length, extreme - frequency during previous 30 days 
valgus/varus deformity, hypermobility 
syndromes, scoliosis 
 2. Generalized 
- on weight bearing 
- reduced with rest- Severity (0-3+) 
- Metabolic diseases 
C. Calcium deposition disease 
1. Calcium pyrophosphate deposition 
disease 
2.  Apatite arthropathy 
Other  findings 
-history of swelling 
- morning stiffness- clicking on motion 
3. Destructive arthropathy - buckling 
D. Other bone and joint disorders e.g., - impairment of function (global) 
rheumatoid arthritis, septic arthritis, Paget’s -locking with activity 
  disease, avascular necrosis, gouty arthritis, 
septic arthritis, osteochondritis, osteopetrosis 
- need for ambulatory aids 
- benefit from NSAIDs 
 E. Other diseases Physical  examination findings 
  1. Endocrine diseases; e.g., acromegaly, Signs of joint inflammation 
hyperparathyroidism, diabetes mellitus, 
hypothyroidism 
  2. Neuropathic arthroplasty 
-erythema 
- palpable increase in temperature 
- palpable effusion 
-synovial tenderness 
Radiographic Findings Change in structure or function 
Osteophytes 
Subchondral sclerosis 
Subchondral cysts 
-Alignment 
- limp 
- bony enlargement 
Joint space narrowing - range of motion 
Loss of bone stock (attrition) - instability 
Malalignment - crepitus 
Combined criteria Laboratory findings 
 -ESR (mm/hour) 
  Serum rheumatoid factor 
  Synovial fluid 
  
(Altman et al., 1986) 
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Table 2a. HTO Pro Measurements and Definitions 
 
Leg Length I 
 
Measure of leg length calculated as the sum of the femoral mechanical 
axis (centre of hip to centre of knee) and tibial mechanical axes (centre of 
knee to centre of ankle) 
 
Leg Length II 
(WBL) 
Measure of leg length calculated as the length of the weight-bearing line 
extending from the centre of the hip to the centre of the ankle 
 
Mechanical 
Axis Deviation 
 
Distance from the centre of the knee to the weight bearing line. Negative 
value denotes varus, positive value denotes valgus 
Mechanical 
Axis Angle 
Angle between the mechanical axis of the femur and the 
anatomic/mechanical axis of the tibia. Negative value indicates varus, 
positive value indicates valgus. 
 
Anatomical 
Axis Angle 
(also referred to as the anatomical Axis angle of the lower leg. Angle 
between the anatomical axis of the femur and the anatomic/mechanical 
axis of the tibia. Negative values indicate varus alignment, positive 
values indicate valgus alignment 
 
Femoral 
articular angle 
Angle formed by the femoral mechanical axis and a line tangent to the 
distal femoral condyles on the lateral side. Also called the Lateral distal 
femur angle (LDFA) by van Raaij 
 
Tibial Articular 
angle 
Angle formed by the tibial anatomic/mechanical axis and a line tangent 
to the tibial plateau on the medial side. Also called the Medial proximal 
tibia angle (MPTA) by van Raaij 
 
Lateral Joint 
space 
 
Narrowest interbone distance in the lateral tibiofibular compartment 
Medial Joint 
space 
 
Narrowest interbone distance in the medial tibiofibular compartment 
Tibial width Width across the tibial plateau 
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 Table 2b. HTO Pro Measurements and Definitions Cont’d 
Desired WBL 
Offset 
Distance across the lateral compartment of the tibial width (specified as a 
percentage of the total width) where it is desired to have the weight bearing 
line cross. Used In the calculation of the predicted correction angle and 
wedge size. Default value is 62.5% 
 
Current WBL 
offset 
Distance across the lateral compartment of the tibial width where the 
weight-bearing line currently crosses (presented as a percentage of the total 
tibial width) 
 
WBL Offset 
Correction 
Difference between the current WBL offset value and desired WBL offset 
value. Negative value indicates varus alignment pre-op or under-correction 
post-op. Positive value indicates valgus alignment pre-op or overcorrection 
post-op 
 
TBVA Angle between a line from the centre of the tibial eminence to a point 
halfway across the tibial epiphysis, and the mechanical axis line of the tibia 
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